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(57) ABSTRACT 

The invention pertains to a device for generating aqueous 
chlorine dioxide solutions When the device is contacted With 
liquid Water. The device comprises an alkali metal or alkaine 
earth metal chlorite, e.g, sodium chlorite, and a chemical 
reagent comprising an acid or a material capable of releasing 
an acid upon exposure to liquid Water, e.g., sodium bisulfate. 
The chlorite and the reagent are either combined as a 
mixture or are disposed as separate components adhered to 
the surface of one or more substrates. Upon exposure to 
liquid Water, the chlorite and the reagent produce boundary 
layers. The chlorite and the reagent are disposed upon, and 
adhered to, the surface(s) of the substrates in a manner such 
that upon exposure to liquid Water, the chlorite boundary 
layer comes into contact With the reagent boundary layer to 
thereby produce an aqueous chlorine dioxide solution. 
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DEVICE FOR GENERATING AQUEOUS 
CHLORINE DIOXIDE SOLUTIONS 

FIELD OF THE INVENTION 

[0001] The present invention relates to a device for gen 
erating aqueous chlorine dioxide solutions When the device 
comes into contact With liquid Water. 

BACKGROUND OF THE INVENTION 

[0002] Chlorine dioxide is a Well-knoWn germicidal and 
deodoriZing agent. It is knoWn that chlorine dioxide may be 
generated by exposure of a combination of a chlorite and an 
acid to moisture, i.e., atmospheric moisture and/or liquid 
Water. In general, prior art methods of generating aqueous 
chlorine dioxide solutions involve the addition of a massive 
body, i.e., tablets, pills, bricks capsules, sachets, etc., to 
liquid Water. These prior art methods are disadvantageous in 
that they entail a considerable period of time for dissolution 
of the tablets, pills, bricks, etc. and penetration of Water into 
sachets. 

[0003] Chlorine dioxide is often generated, particularly in 
large scale, by rapidly mixing highly concentrated solutions 
of a chlorite and an acid. These prior art methods are not 
appropriate for small scale operations Where mixing and 
handling of highly acid and/or haZardous chemicals are not 
desired or are not feasible. Moreover, if the components are 
utiliZed in the form of a mixture, prior art methods entail the 
possibility of premature release of chlorine dioxide, reduced 
storage stability and shelf life, and for expensive packaging. 

[0004] The present invention permits the rapid release of 
relatively small quantities of chlorine dioxide in liquid Water 
as needed and is therefore quite useful for steriliZing Water 
such that it is potable and useful as a germicidal liquid. 
Furthermore, the present invention lends itself to the sepa 
ration of the reaction precursors into discrete Zones or 
domains, thereby resulting in increased shelf life and the 
avoidance of expensive packaging. 

SUMMARY OF THE INVENTION 

[0005] The invention pertains to a device for generating 
aqueous chlorine dioxide solutions When the device comes 
into contact With liquid Water. The device comprises one or 
more substitutes upon Which is adhered (With the aid of an 
adhesive layer on the surface of the substrates) an alkali 
metal or alkaline earth metal chlorite and the chemical 
reagent comprising an acid or material Which produces an 
acid upon exposure to liquid Water. 

DETAILS OF THE INVENTION 

[0006] The invention pertains to a device for generating 
aqueous chlorine dioxide solutions When the device is 
contacted With liquid Water. In its broadest sense, the device 
comprises an alkali metal or alkaline earth metal chlorite 
Which produces a boundary layer upon exposure to liquid 
Water and a chemical reagent, e.g., an acid or a material 

Which produces an acid upon exposure to liquid Water, 
Which produces a boundary layer upon exposure to liquid 
Water. The chlorite and the reagent are adhered to the 
surface(s) of one or more substrates and are disposed upon 
the surface(s) of the substrate in a manner such that upon 
exposure to liquid Water, the chlorite boundary layer comes 
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into contact With the reagent boundary layer to thereby 
produce an aqueous chlorine dioxide solution. 

[0007] The term “boundary layer” is Well knoWn in the 
?eld of ?uid mechanics. As applied to the present invention, 
When the substrate containing the layer or coating of the 
chlorite and the reagent is contacted With Water, the soluble 
material in the layer or coating begins to dissolve. As 
dissolution of the chlorite and the reagent by the liquid Water 
occurs, a boundary layer forms next to the substrate. In such 
case, the “boundary layer” Would comprise a relatively thin 
region of liquid adjacent to the surface of the substrate Where 
the concentration of the salts of the chlorite and the reagent 
is signi?cantly greater than that of the bulk liquid. As a result 
of the high concentration of such salts in the boundary layer, 
chlorine dioxide forms rapidly. Such rapid formation of 
chlorine dioxide occurs because the liquid Water penetrates 
the thin layer of the salts adhered to the substrate thus sWiftly 
establishing the boundary layer. 

[0008] The substrates useful for the present invention may 
be nonporous or porous, in?exible or ?exible. They may be 
?at, ridged, circular, tubular, etc. Materials useful for the 
substrate are those Which Would not interfere With the 
generation of chlorine dioxide and include metals, glass, 
thermoset polymers, thermoplastic polymers, etc. 

[0009] In one embodiment of the present invention, a 
single substrate is employed and the chlorite and the reagent 
are present as a physical mixture of poWders adhered to the 
surface of the substrate. In a variation of such embodiment, 
the single substrate is comprised of a ?exible material and 
the chlorite and the reagent are disposed upon, and adhered 
to, different regions on the surface of the substrate in a 
manner such that When the ?exible material is rolled into a 
tube or cylinder, the chlorite and the reagent Will be facing 
each other. 

[0010] The chlorite and the reagent are adhered to the 
surface(s) of one or more substrate(s) in the form of one or 
more layers, each layer preferably having a thickness of not 
greater than about 1/8 inch. The chlorite and the reagent are 
conveniently adhered to the surface(s) of the substrate(s) by 
?rst applying a layer or coating of any commercially avail 
able adhesive to the surface(s). Suitable adhesives are those 
Which are preferably not Water-soluble, impart no undesir 
able taste to the Water, do not interfere With the reaction 
betWeen the chlorite and the reagent and do not react With 
the chlorite. 

[0011] In another embodiment of the invention, tWo sub 
strates are employed and the chlorite and the reagent are 
adhered to the surface of each substrate and disposed on the 
surfaces of the substrates such that they are preferably 
substantially facing each other in order to insure good 
contact betWeen the boundary layers of the chlorite and the 
reagent When the device comes into contact With liquid 
Water. In this embodiment, the chlorite and the reagent are 
kept apart from one another by the use of spacers at the ends 
of the substrates. Typically, such spacers Will have a maxi 
mum height of about 1A inch and may be constructed from 
any readily available material Which Will not interfere With 
the generation of chlorine dioxide, e.g., glass, Wood, plastic, 
etc. In a further variation of such embodiment, tWo sub 
strates coated With the chlorite and the reagent are separated 
by a solid, but permeable membrane layer, i.e., thereby 
creating a “sandWich”. 
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[0012] The chlorite may be any commercially available 
alkali metal or alkaline earth metal chlorite. Examples of 
suitable metal chlorites include sodium chlorite, potassium 
chlorite, barium chlorite, calcium chlorite, magnesium chlo 
rite, etc. The preferred metal chlorite is sodium chlorite. 

[0013] The chemical reagent comprises an acid or a mate 
rial Which Will produce an acid upon exposure to liquid 
Water. Suitable reagents include solid inorganic and organic 
acids such as sodium acid phosphate, adipic, tartaric, citric, 
sulfamic, malic, maleic, oxalic, glutaric, etc. Suitable mate 
rials Which Will produce an acid upon exposure to liquid 
Water include sodium bisulfate Which is the preferred 
reagent. 
[0014] The amount of metal chlorite and chemical reagent 
layered or coated and adhered to the surface(s) of the 
substrate(s) Will vary depending upon the desired concen 
tration of the chlorine dioxide solution. Typically, the molar 
ratio of the metal chlorite to the chemical reagent Will be in 
the range of about 0.5:1 to about 20:1. 

[0015] Optionally, one or more desiccants may be present 
in admixture With the metal chlorite and/or the chemical 
reagent. If employed, the desiccant Will be present in the 
amount of about 5 to about 40 Wt. %, preferably 5 to 15 Wt. 
%, based on the total amount of chlorite plus desiccant 
and/or reagent plus desiccant. Suitable desiccants include 
magnesium chloride, calcium chloride and mixtures thereof. 
Also optionally, one or more promoters may be present in 
admixture With the metal chlorite and/or the chemical 
reagent. If employed, the promoter Will be present in the 
amount of about 0.1 to about 10 Wt %, preferably 1 to 5 Wt 
%, based on the total amount of chlorite, desiccant (if 
employed) and promoter and/or reagent plus desiccant (if 
employed) and promoter. Suitable promoters include a chlo 
ride salt, e.g., sodium chloride or potassium chloride, and 
chloroisocyanuric acid or a salt thereof, e.g., the sodium or 
potassium salt of dichloroisocyanuric acid or trichloroiso 
cyanuric acid. As a further option, one or more effervescing 
agents may be present in admixture With the metal chlorite 
and/or the chemical reagent. If employed, the effervescing 
agent Will be present in the amount of about 5 to about 25 
Wt. %, preferably 5 to 15 Wt. %, based on the total amount 
of chlorite, desiccant (if employed), promoter (if employed) 
and effervescing agent and/or reagent, desiccant (if 
employed), promoter (if employed) and effervescing agent. 
A suitable effervescing agent is sodium bicarbonate. 

[0016] By Way of a further embodiment, the metal chlorite 
and/or the chemical reagent may be impregnated onto a 
carrier and the impregnated carrier is then adhered and 
disposed on the substrate. The advantage of this embodiment 
is that the particle siZe of the coating of the metal chlorite 
and/or the chemical reagent may be controlled and direct 
contact of the metal chlorite and/or the chemical reagent 
With the adhesive is minimiZed. Suitable porous carriers 
include alumina, silica, a Zeolite, a molecular sieve, a clay 
and mixtures thereof. 

[0017] The folloWing nonlimiting examples shall serve to 
illustrate the present invention. Unless otherWise indicated, 
all parts and percentages are on a Weight basis. In all of the 
examples, the metal chlorite Was technical grade sodium 
chlorite (80%). The concentration of chlorine dioxide in 
solution Was determined by UV-visible spectroscopy using 
a Spectral Instruments spectrometer With a ?ber optic dip 
probe With a 1 cm path length. 
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EXAMPLE 1 

[0018] This example demonstrates the rapid formation of 
chlorine dioxide from a thin layer of poWder. A glass 
microscope slide Was coated With a thin layer of adhesive 
(obtained from “3M”, Item #4224-NF, Clear, Pressure Sen 
sitive Adhesive). The slide Was placed in an oven at 40° C. 
for 30 minutes in order to cure the adhesive (such curing 
removes the Water from the adhesive formulation). Aportion 
of a poWdered formulation Was placed onto the adhesive 
layer and Was pressed into the adhesive layer With another 
slide. The poWdered formulation consisted of, on a Wt. % dry 
basis: 26% technical grade sodium chlorite, 7% of the 
sodium salt of dichloroisocyanuric acid, 26% sodium bisul 
fate, 21% magnesium chloride and 20% sodium chloride, 
0.075 g of the poWdered formulation adhered to the slide. 
The slide Was placed in 200 ml Water and after 2 minutes, 
a concentration of 17.7 ppm of chloride dioxide resulted as 
measure by UV-visible spectroscopy. This constitutes a yield 
of 4.7% Wt/Wt yield. 

EXAMPLE 2 

[0019] In this example, the metal chlorite and the chemical 
reagent Were applied in separate, non-overlapping Zones 
such that the reactants Were not in contact With one another 
nor could the boundary layer of one reactant contact the 
boundary layer of the other reactant. A glass slide Was coated 
With the adhesive described in Example 1.After the adhesive 
Was cured, a line Was draWn horiZontally approximately in 
the middle of the coated area of the slide. 0.021 g sodium 
chlorite Was placed on the adhesive beloW the line and 0.20 
g of sodium bisulfate Was placed on the adhesive above the 
line. The slide Was then placed in 200 g of Water. Essentially 
no chlorine dioxide Was produced. 

EXAMPLE 3 

[0020] This example demonstrates that the reactants may 
be physically separated in Zones on substrates such that they 
are not in physical contact With one another and chlorine 
dioxide Will nevertheless be generated, provided that the 
Zones are disposed on the substrates such that the boundary 
layers produced by the reactants come into contact With one 
another. TWo identical polyethylene strips Were cut from 
thick polyethylene stock. The strips Were coated With the 
adhesive and cured as described in Example 1. 0.086 g of 
technical grade sodium chlorite Was placed on the adhesive 
of one strip and 0.236 g of sodium bisulfate Was placed on 
the adhesive of the other strip. Spacers consisting of Vs inch 
thick pieces of polyethylene Were attached to the ends of the 
strips and the second strip Was placed on top of the ?rst strip 
such that the Zone of the sodium chlorite Was facing the Zone 
of the sodium bisulfate. The strips Were bound together 
using rubber bands, although other methods could have been 
used. The assembly Was then placed in 200 ml of tap Water. 
Within 2 minutes, a 25.6 ppm solution of chlorine dioxide 
resulted as determined by UV-visible spectroscopy. This 
constitutes a yield of 1.6 % of chlorine dioxide (Wt./Wt.). It 
is clear that the spacing of the slides (as a result of the 
spacers at the ends of the slides) controls the ingress of the 
Water to the coated surfaces of the slides. Since the coated 
surfaces are in close proximity, i.e., about Vs inch from one 
another, the solution betWeen the slides contains a high 
concentration of reactive precursors to chlorine dioxide. As 
a result the generation of chlorine dioxide proceeds quite 
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rapidly. It should be noted that the spacers may be of various 
designs and con?gurations so as to control Water ingress and 
egress Within the space betWeen the tWo coated strips. 

EXAMPLE 4 

[0021] This example serves to illustrate the bene?ts of the 
use of a promoter to increase the yield of chlorine dioxide. 
0.056 g of technical grade sodium chlorite Was coated onto 
a polyethylene strip and 0.02 g of sodium dichloroisocya 
nuric acid plus 0.05 g of sodium bisulfate Were coated onto 
an identical second strip (the coating process included the 
use of the same adhesive as described in Example 1). 0.02 
inch thick spacers Were placed around the perimeter of one 
polyethylene strip. There Were several gaps in the spacer 
perimeter to alloW for Water ingress and egress. The tWo 
strips Were bound together With the coated sides facing each 
other but separated by the spacers. The bound assembly Was 
placed in 200 ml of tap Water. After 2 minutes, a solution 
containing 58 ppm chlorine dioxide resulted as measured by 
UV-visible spectroscopy. This result represented a yield of 
9.2% (Wt./Wt.). 

EXAMPLE 5 

[0022] This example compares the yield associated With 
the use of a promoter (i.e., sodium dichloroisocyanuric acid, 
referred to beloW as “NaDCCA”) present in at least one of 
the reactant moieties versus no promoter With higher 
amounts of the reactant moieties. This example Was carried 
in accordance With the same procedure as in Example 4 and 
the results are set forth in the table beloW. 

Experiment 5A 5B 

NaClO2 (g) 0.086 0.054 
NaDCCA (g) 0.0 0.01 
NaHSO4 (g) 0.236 0.165 

Total (g) 0.322 0.229 
Water, ml 200 200 
C102, ppm 25.6 62.3 
Wt. % Yield 1.6 5.4 

[0023] From the table set forth above, it is seen that even 
though Experiment 5A utiliZed more reactive moieties, it 
delivered less chlorine dioxide than Experiment 5B Which 
contained the promoter. 

EXAMPLE 6 

[0024] This example illustrates the use of a combination of 
tWo different types of substrates: a glass slide and a 
microporous tape. 

[0025] One side of a 1x3 inch glass slide Was coated With 
the adhesive and dried as described in Example 1. A Vs inch 
strip of polyethylene Was placed on the side of the slide 
containing the adhesive adjacent to both long edges of the 
slide to prevent poWder from sticking along the edges. A 
layer of a mixture of 0.0329 g sodium bisulfate and 0.13 g 
of sodium dichloroisocyanuric acid Which mixture had been 
ground and screened to —100 mesh Was then placed on the 
coated glass slide. Thereafter, the polyethylene strips Were 
removed from the slide. 
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[0026] A strip of “3M MICROPORE” tape Was cut to a 
1x3 inch siZe. Polyethylene strips Vs inch Wide Were placed 
along the long edges of the sticky side of the tape. A layer 
of 0.0375 g of technical grade sodium chlorite Was then 
placed onto the tape and the polyethylene strips Were then 
removed. A piece of #5 “WHATMAN” ?lter paper Was cut 
into a rectangle of 3A1><3 inches and placed onto the glass slide 
over the bisulfate/NaDCCA poWder mixture. The 
“MICROPORE” tape (poWder side doWn) Was placed over 
the ?lter paper on top of the slide and the long edges of the 
tape and the glass slide Were pressed together. 

[0027] An eight ounce clear jar Was ?lled With 200 ml of 
tap Water and a stirring bar Was placed in the jar, and the jar 
Was placed on a stirring plate. Stirring Was activated and the 
slide Was placed in the jar and a lid Was placed on the jar; 
the lid for the jar contained a hole Which accommodates a 1 
cm ?ber optic dip probe attached to a UV-visible spectrom 
eter. The evolution of chlorine dioxide Was folloWed as a 
function of time. It Was found that the total Wt. % yield of 
chlorine dioxide based on the Weight of the poWders in the 
device Was 10.7%. 70% of the total chlorine dioxide release 
occurred Within 5 minutes. 

EXAMPLE 7 

[0028] This example illustrates the bene?t of employing 
an effervescing agent, i.e., sodium bicarbonate, in the for 
mulation. A 1 inch by 3 inches glass microscope slide Was 
coated With a thin layer of adhesive (obtained from “3M”, 
Item #4224-NF, Clear, Pressure Sensitive Adhesive). The 
adhesive Was cured by placing it in an oven at 40° C. for 30 
minutes. Polyethylene strips, Vs inch Wide, Were placed 
along both long edges of the slide. Thereafter, a layer of a 
—100 mesh mixture of sodium dichloroisocyanuric acid 
(0.172 g) and sodium bisulfate (0.0429 g) Was placed onto 
the adhesive on the slide, and the polyethylene strips Were 
then removed. TWo Vs inch Wide strips of polyethylene Were 
placed onto the long edges of the sticky side of a 1 inch by 
3 inches strip of “3M MICROPORE” tape. A layer of a 
mixture of 0.0421 g of technical grade sodium chlorite and 
0.0105 g of sodium bicarbonate Was placed onto the sticky 
side of the tape, and the polyethylene strips Were then 
removed. A% inch by 3 inches piece of #4 “WHATMAN” 
?lter paper Was then placed onto the glass slide over the 
reactant chemicals. The “MICROPORE” tape (poWder side 
doWn) Was then placed over the slide and the ?lter paper. 
The device Was then assembled by pressing the long edges 
of the tape and slide together. 

[0029] An eight ounce clear jar Was ?lled With 200 ml of 
tap Water and a stirring bar Was placed in the jar, and the jar 
Was placed on a stirring plate. Stirring Was activated and the 
slide Was placed in the jar and a lid Was placed on the jar; 
the lid for the jar contained a hole Which accommodates a 1 
cm ?ber optic dip probe attached to a UV-visible spectrom 
eter. The evolution of chlorine dioxide Was folloWed as a 
function of time. It Was found that the is Wt. % yield of 
chlorine dioxide based on the Weight of the poWders in the 
device Was 9.6%. The ?nal Wt. % yield of chlorine dioxide 
at 5 minutes Was 8.7% (Wt./Wt.). 

EXAMPLE 8 

[0030] TWo 1 inch by 3 inches glass microscope slides 
Were each coated on one side With a thin layer of adhesive 
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(obtained from “3M”, Item #4224-NF, Clear, Pressure Sen 
sitive Adhesive). The adhesive Was cured by placing it in an 
oven at 40° C. for 30 minutes. 0.043 g of technical grade 
sodium chlorite Was spread onto the adhesive on one slide. 
0.0132 g of sodium dichloroisocyanuric acid and 0.0332 g of 
technical grade sodium chlorite (both screened to —100 
mesh) Were placed on the adhesive of the other slide. Apiece 
of tea bag paper, 1 inch by 3 inches Was cut and placed over 
one of the slides (poWder side up). The other slide Was 
placed over the tea bag paper With the poWder side doWn. 
The tWo slides and tea bag paper Were held together using 
a rubber band at each end of the slides. 

[0031] An eight ounce clear jar Was ?lled With 200 ml of 
tap Water and a stirring bar Was placed in the jar, and the jar 
Was placed on a stirring plate. Stirring Was activated and the 
slide Was placed in the jar and a lid Was placed on the jar; 
the lid for the jar contained a hole Which accommodates a 1 
cm ?ber optic dip probe attached to a UV-visible spectrom 
eter. The evolution of chlorine dioxide Was folloWed as a 
function of time. It Was found that the ?nal Wt. % yield of 
chlorine dioxide based on the Weight of the poWders in the 
device Was 14.1%. The ?nal Wt. % yield of chlorine dioxide 
at 5 minutes Was 8.1% (Wt/Wt). 

What is claimed is: 
1. A device for generating aqueous chlorine dioxide 

solutions When the device is contacted With liquid Water, 
said device comprising an alkali metal or alkaline earth 
metal chlorite Which produces a boundary layer upon expo 
sure to liquid Water and a chemical reagent Which produces 
a boundary layer upon exposure to liquid Water, said chlorite 
and said reagent being adhered to at least one surface of at 
least one substrate and being disposed upon the surface of 
the substrate in a manner such that upon exposure to liquid 
Water, the chlorite boundary layer comes into contact With 
the reagent boundary layer to thereby produce an aqueous 
chlorine dioxide solution. 

2. The device of claim 1 Wherein the chlorite comprises 
sodium chlorite. 

3. The device of claim 1 Wherein the chemical reagent 
comprises an acid or a material Which produces an acid upon 
exposure to liquid Water. 

4. The device of claim 3 Wherein the chemical reagent 
comprises sodium bisulfate. 

5. The device of claim 1 further comprising one or more 
desiccants present in admixture With the chlorite and/or the 
reagent. 

6. The device of claim 5 Wherein the desiccant is selected 
from the group consisting of magnesium chloride, calcium 
chloride and mixtures thereof. 

7. The device of claim 1 further comprising one or more 
promoters present in admixture With the chlorite and/or the 
reagent. 

8. The device of claim 7 Wherein the promoter comprises 
a chloroisocyanuric acid or a salt thereof alone or in admix 
ture With a chloride salt. 

9. The device of claim 8 Wherein the promoter comprises 
the sodium or potassium salt of dichloroisocyanuric acid 
alone or in admixture With sodium or potassium chloride. 

10. The device of claim 8 Wherein the promoter comprises 
the sodium or potassium salt of trichloroisocyanuric acid 
alone or in admixture With sodium or potassium chloride. 
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11. The device of claim 1 further comprising an effer 
vescing agent present in admixture With the chlorite and/or 
the reagent. 

12. The device of claim 11 Wherein the effervescing agent 
comprises sodium bicarbonate. 

13. The device of claim 1 Wherein the chlorite and the 
reagent are present on the substrate in the form of a physical 
mixture of poWders. 

14. The device of claim 1 Wherein the chlorite and the 
reagent are present in the form of poWders having a particle 
siZe of not greater than about 200 pm. 

15. The device of claim 1 Wherein the chlorite and the 
reagent are adhered to the surface of the substrate in the ?rm 
of one or more layers, each layer having a thickness of not 
greater than about Vs inch. 

16. The device of claim 15 Wherein the chlorite is 
disposed as a ?rst layer adhered to the surface of a ?rst 
substrate and the reagent is disposed as a second layer 
adhered to the surface of a second substrate, said ?rst and 
second layers disposed such that they are substantially 
facing each other, said ?rst and second substrates being 
physically separated from each other by spacer means Which 
prevent physical contact of the ?rst and second layers. 

17. The device of claim 16 Wherein the spacer means have 
a maximum height of about 1A inch. 

18. The device of claim 16 Wherein the ?rst substrate is 
comprised of a porous material and contains a layer of 
adhesive interposed betWeen the surface of the ?rst substrate 
and the chlorite, and the second substrate is comprised of a 
nonporous material and contains a layer of adhesive inter 
posed betWeen the surface of the second substrate and the 
reagent. 

19. The device of claim 16 Wherein the ?rst substrate is 
comprised of a nonporous material and contains a layer of 
adhesive interposed betWeen the surface of the ?rst substrate 
and the chlorite, and the second substrate is comprised of a 
porous material and contains a layer of adhesive interposed 
betWeen the surface of the second substrate and the reagent. 

20. The device of claim 15 Wherein the chlorite is 
disposed as a ?rst layer adhered to the surface of a ?rst 
substrate and the reagent is disposed as a second layer 
adhered to the surface of a second substrate, said ?rst and 
second layers disposed such that they are substantially 
facing each other, said ?rst and second substrates being 
physically separated from each other by permeable mem 
brane means Which prevent physical contact of the ?rst and 
second layers. 

21. The device of claim 1 Wherein both the chlorite and 
the reagent are disposed in separate regions on a single 
substrate, said single substrate comprised of a ?exible mate 
rial such that When the single substrate is rolled into the 
shape of a tube, the chlorite region and the reagent region 
Will be substantially facing one another. 

22. The device of claim 1 Wherein at least one of the metal 
chlorite and the chemical reagent is impregnated onto a 
carrier and the impregnated carrier is then adhered and 
disposed on the substrate. 

23. The device of claim 21 Wherein the porous carrier is 
selected from the group consisting of alumina, silica, a 
Zeolite, a molecular sieve, a clay and mixtures thereof. 

* * * * * 


